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Attachment 4 - Groundwaier Nondegradation Evaluation

Poly Met Mining, Inc. Groundwater
Nondegradation Evaluation - Preliminary
MPCA Determination

Overview
The MPCA staff has reviewed the potential effects on groundwater qua
NorthMet Project (Project) proposal to mine and process ore for ¢
review considers the requirements set forth under Minnesota Rules
waters (groundwater) of the state by preventing any new p ‘

e Poly Met Mining, Inc. (PolyMet),
platinum-group elements. The

The Project site consists of three main areas: the Mine S Utility Corridors (see
Large Figure 1, Vol. 1, NPDES/SDS Permit Application). The' P miles north of the City
of Hoyt Lakes in St. Louis County, Minnesota, on the former ili asin previously
operated by LTV Steel Mining Company {LTV
south of the City of Babbitt in St. Louis Coun

n and Utility Corridors connect the Mine
and to generate approximately 308 million
tons of waste rock, exclusively at the Mine Site. , i tivities related to site closure,
reclamation, and water management would contir or longer, as needed, to achieve
applicable water quality standards..The project un minating in a Final Environmental

he Final Environmental Impact
mbination of controls and mitigation measures (such
ring activities) that are part of the Project design, the
060 for protection of groundwater resources.

through the leaching of metals, sulfate and other solutes
locations, MPCA evaluated the potential impacts of the project
rs in Minnesota Rules chapter 7060. Minn. R. 7060.0200 states, in

according to its
part:

“The waters of the state are classified according to their highest priority use, which for underground waters of
suitable natural quality is their use now or in the future as a source of drinking, culinary, or food processing
water...”.

Minn. R. 7050.0221 identifies the specific water quality standards for Class 1 waters of the state used for domestic
consumption, including those applicable to groundwater. This rule states, in part:
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“The class 1 standards in this part are the United States Environmental Protection Agency primary {maximum
contaminant levels} and secondary drinking water standards...”

In addition to the primary maximum contaminant levels (MCLs) and secondary maximum contaminant levels (MCLs)
promulgated by the EPA, the Minnesota Department of Health has adopted Health Risk Limits (HRLs) for drinking water.
HRLs are not adopted as state water quality standards, but they reveal potential health risks to consumers of untreated
groundwater. Not all parameters evaluated have applicable drinking water standards or HRLs.

Minn. R. 7060.0500 identifies a Nondegradation Policy applicable to unde waters of the state:

“It is the policy of the agency that the disposal of sewage, in e, and other wastes shall be controlled

this groundwater nondegradation analysis f
Project design, the resulting protection of the
groundwater quality from its natural quality.

gineering controls inc
ter, and the minimization of degradation of

Mine Site
The followi

tured bedrock has a much lower hydraulic conductivity and is therefore less
to affect downgradient aquifers.

As discussed in Appendix A, s its in this area are relatively thin. This results in shorter surficial groundwater
flow paths prior to groundwater discharge to downgradient surface waters. Although it is not a focus of this review,
measures taken to protect the surficial groundwater will also have the effect of protecting the surface water to which it
discharges.

Proposed mining operations at the Mine Site include the excavation and stockpiling of ore and the resultant surface
mine pits. Mine Site activities with the potential to negatively affect groundwater quality include the mine pits,
temporary and permanent waste rock and overburden stockpiles, ore storage or handling areas and mine water
conveyance and storage features. As noted above, the leaching of metals, sulfate and other solutes from exposed waste
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rock, overburden, ore, wastewater ponds, and unsubmerged parts of the mine pit walls could impact mine site
groundwater quality.

PolyMet has evaluated the potential for Mine Site activities to affect groundwater quality and has proposed engineering
controls as part of the proposed Project to control waste materials and wastewaters to the maximum extent practicable,
thereby minimizing potential sources of pollution to groundwater and to protect groundwater, as described below:

1. Permanent Category 1 Waste Rock Stockpile — a groundwater containment system will capture water infiltrating
through the Category 1 stockpile and convey it to the Waste Water Treat t System (WWTS) for treatment. A
geomembrane cover system will be placed incrementally over the wa s it is stockpiled, to reduce the

infiltration of precipitation and waste loads to be captured and conve the WWTS.

Temporary Category 2/3 and Category 4 Waste Rock Stockpiles a urge Pile — engineered low-

be removed and their footprints reclaimed.
3. OQOverburden Storage and Laydown Area (OSLA) — will k
separate engineered liner system. Runoff from the OS

4. Equalization Basins — the Equalization Basi
systems with a maximum 13-foot operating

5.

After mining operations are completed,

PolyMet will accelera 3t from the Plant Site WWTS (+/- untreated
water from the FTB). A twsll be pumped to the WWTS, treated and returned to
the West Pit to manage t rs prior to groundwater outflow from the pit to the

6.

ining is completed, these pits will be backfilled with waste rock
on-going mining in the West Pit and allowed to fill with water, to

pit waters at the WW

PolyMet has proposed to main engineering controls and conduct groundwater quality monitoring for the
duration of the mining operations and through future reclamation and closure activities, as long as necessary to meet
groundwater standards (see Table 5.2.2-20 of the FEIS). This approach is consistent with the policy identified in Minn. R.
7060.0200 to protect and conserve groundwater supplies for present and future generations and the prevention of
possible health hazards.

Groundwater Modeling Predictions
PolyMet conducted groundwater modeling simulations as part of the EIS process to predict the potential impacts of
Mine Site Project activities on groundwater quality for a time period of 200 years from the start of mining operations.
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PolyMet used the GoldSim modeling platform to predict the concentrations of contaminants from mine operations at
three downgradient locations: Dunka Road, the property boundary, and the Partridge River (see FEIS Fig. 5.2.2-7). The
GoldSim modeling predictions provide the basis for understanding whether the Project activities are likely to be
protective of groundwater quality, both now and into the future. The modeling included predictions for 27 solute
contaminants that, based on host rock mineralogy and chemistry, had the potential to impact water resources.

PolyMet used the existing groundwater quality conditions as measured in on-site monitoring wells as inputs to the
GoldSim modeling. Because the Mine Site does not have any existing development, the existing conditions represent
natural background conditions as defined by Minn. R. 7060.0600 subp. 8. Where the natural state of groundwater
exceeds state standards, the natural background is treated as the standar king water. Minn. R. 7060.0600 subp.
8. This baseline monitoring indicated that the natural background concet ns of iron, aluminum and manganese
exceed the water quality standards (defined by the secondary maxi nant levels) established for these
parameters.

The GoldSim modeling predictions included both a “Conti
Action” scenario that allowed a comparison of predicted, mpacts against wha jitions would be if the project
was not built. The modeling predicts that during Project o ions and after closure, Pr tivities would result in
small increases in the groundwater concentrations for a limite i mpared to existing

Existing Conditio enario and a “Proposed

Based on MPCA review of the modeling results, Poly ' j d not preclude beneficial present and
future uses of the groundwater (7060. 0500) nor would i ; : icable drinking water standards. The

ove, groundwater from the Mine Site enters the
Partridge ter source for the City of Hoyt Lakes. To address
the indire
uality in the artridge River and Colby Lake. The evaluation

ns in Colby Lake as a result of the Project would essentially be the
if the Pro;ect Wi

at would occur if

also not to contribute
conclusion is consistent
water supply.

Proposed Groundwater Monitoring”
The draft permit for the NorthMet Project includes a variety of groundwater monitoring of the surficial and bedrock
aquifers at the Mine Site. This includes the continuation of monitoring at existing monitoring wells that were installed
for the EIS {which include wells downgradient of proposed Mine Site facilities). New monitoring wells will be added to
fill in gaps in the monitoring network, including at locations immediately downgradient of the Category 1 stockpile
groundwater containment system. In general, groundwater quality will be monitored quarterly for key constituents
(such as sulfate, chloride, copper and nickel) that can serve as “surrogates” for other parameters and annually for a
wider range of parameters. The monitoring included in the draft permit is a combination of that recommended by the
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FEIS, that proposed by PolyMet in the permit application, and that recommended by MPCA staff. The monitoring as
proposed will be effective in verifying that groundwater resources are protected and that they will not be precluded
from appropriate beneficial present and future uses.

Plant Site/Tailings Basin
Groundwater quality at the Plant Site/Tailings Basin (Plant Site) has been affected by seepage from the existing ferrous
LTVSMC tailings basin. Only a small percentage of this seepage reaches the surficial aquifer; most ends up as shallow

seepage that flows to wetlands and small tributaries north and west of the Plant Site that flow towards the Embarrass
River (See FEIS Ch. 5, pp. 183-193).

The former LTVSMC tailings basin is currently a primary source of con
water at the Plant Site. To eliminate this existing source and to min
PolyMet proposes to install a groundwater containment system to v
shallow seepage to surface water and the deeper seepage to
permeability barrier down to bedrock to cut off surficial a
would maintain an inward water table gradient to preven
conducted as part of the FEIS indicated that little, if any,
This is consistent with the information in Appendix A indicatin
exists at all, is believed to be minor relative to surficial ground

seeping to groundwater and surface
butions from the NorthMet Project,

e would bypass the syste gh fractured bedrock.

The seepage containment system, once constr
seepage and remove it from the groundwater
the treated water would be discharged to surfac
an immediate beneficial effect on downstream su
would lag behind those seen ir
surface water flow. In ot
quality are able to be me

through the unlined Tailings Basin that includes the
Basin beaches and pond bottom. These combined

nd minimize lor
. 7060.0400.

et evaluated the potential impacts of Project activities at the Plant Site on

g from the Plant Site to the property boundary (see Fig. 5.2.2-9). As with the
nt Site compares the potential Project activity effects on groundwater
quality to drinking water stand as to a continuation of existing conditions scenario where no Project activity
takes place. MPCA staff review IdSim modeling predictions for contaminant impacts to groundwater and found
that, in general, the concentration of groundwater contaminants with the Project would remain the same or decrease
over time, and would be lower than concentrations that would occur if the project was not built. The GoldSim modeling
predictions indicate that the Project would not cause exceedances of drinking water standards beyond what would
occur with no Project activities. This indicates PolyMet’s proposed Project actions at the Plant Site would not preclude
appropriate beneficial present and future uses of the groundwater beyond what would occur if the Project was not
constructed, in accordance with Minnesota Rule 7060.0500, Nondegradation Policy.
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Proposed Groundwater Monitoring
The draft permit for the NorthMet Project includes groundwater monitoring of the surficial and bedrock aquifers
downgradient of the Tailings Basin. This includes the continuation of monitoring at existing monitoring wells near the
property boundary and at new monitoring wells to be located just downgradient of the seepage containment system. In
general, groundwater quality will be monitored quarterly for key constituents (such as sulfate, chloride, copper and
nickel that can serve as surrogates for other parameters) and annually for a wider range of parameters. The monitoring
included in the draft permit is a combination of that recommended by the FEIS, that proposed by PolyMet in the permit
application and that deemed advisable by MPCA staff. The monitoring as proposed will be effective in verifying that
groundwater resources are protected and that they will not be precluded fro apropriate beneficial present and future
uses,

Summary

groundwater quality for the proposed Project. PolyMet has alsg odeling simulations that predict
the effects of Project activities on groundwater quality; whi
groundwater quality standards, beyond what would occut Furthermore, PolyMet has
proposed to monitor for potential impacts from Project at t operations,
reclamation, and closure to ensure the protection of groundw S ter 5, FEIS, pp. 5-8,
9).

Based on a careful review of the Project inforn A staff have determined the proposed
PolyMet Project satisfies the requirements set ‘ : 60 for protection of groundwater
resources. The proposed groundwater monitoring 1 rmit will verify the protection of the
groundwater resources. A\ :

1. PolyMet NPDES/SDS
https://www.pca.sta

2.

3. MPCA Determination

4. heet, Mine Site Version 6.0. Package Volume 2, and
5. sheet, Plant Site Version 6.0. Package Volume 2.
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APPENDIX A

Poly Met Mining, Inc. Groundwater
Nondegradation Analysis - Preliminary MPCA
Determination

A. Summary

This report addresses a part of the NPDES/SDS application f 1e Poly Met Mir
project (Project), which focuses on the potential for con ion of groundwater
processing and waste disposal activities associated with ject. Groundwater staff
incorporating elements of the surface water anti-degradatio 55, and emplovyi
employed in various MPCA hydrogeologic investi
Minnesota Rule 7050 (1), while groundwater i

7060 (2).

Inc. (PolyMet) for the NorthMet
could occur from mining,
e conducted this review by
ethods commonly

This report will provide the reader wi vi oy of the PolyMet project area, as well as
a review of the groundwater issu licati cted toward groundwater, using the

ntly monitored. These are areas with preferential
~water discharge points. Surface water is an important

drinking water
detection of ris
potential failure ¢
be required.

Report assumptions

This report is based on two key a irst, the report concerns itself primarily with the hydrogeology of the site,
and not the engineering details th of the PolyMet mine process. The report emphasizes the surface water and
groundwater watershed boundaries, surficial geologic properties and thicknesses, bedrock geology, presence of geologic
contacts and faults, and other issues. This groundwater review will be responsive to questions specifically addressing
groundwater issues, as well as individual surface water issues that warrant a groundwater response. Therefore, the
applicable standard of review is whether underground waters of the state are maintained at their natural quality to the

maximum practicable extent.

The second assumption is that the technical aspects of the report are based on a careful review of the technical
resources available to the author through publically accessible datasets and maps. Sources include the Minnesota
Geological Survey (MGS), Minnesota Department of Natural Resources, the MPCA, Minnesota Geospatial Commons, and
others. It is assumed that the information gathered for this review includes all relevant information available at the time
this report was prepared. References to all sources are provided in the references at the end of this report.
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B. Background

PolyMet is proposing to develop a mine and associated processing facilities for the extraction of copper, nickel, and
platinum group elements (PGE) in northeastern Minnesota. The mine would be the first of its kind in the state. The
proposed mining project would be located in the St. Louis River watershed on the eastern edge of the Mesabi Iron
Range, about 6 miles south of Babbitt. On July 11, 2016, PolyMet submitted an application to the MPCA for an
NPDES/SDS water guality permit for the NorthMet project. The information contained in the permit application is used
by the MPCA to determine which state and federal requirements apply. The MPCA reviews the application to determine
if it contains all of the information necessary to start processing the appli to ensure the project can meet
applicable laws and requirements and preparing a draft permit for publ

The references in the PolyMet application focused on groundwat
permit application {6). Within the following volumes are secti

d in the complete PolyMet NPDES/SDS
otential threat to groundwater:

Volume 2 — Mine Site: Section 4.0

ules, part 7060.0500, (2):

itis the policy of the agency that the disposal of sewage, industrial waste, and other wastes shall be controlled
as may be necessary to ensure that to the maximum practicable extent the underground waters of the state are
maintained at their natural quality unless a determination is made by the agency that a change is justifiable by
reason of necessary economic or social development and will not preclude appropriate beneficial present and
future uses of the waters.

The State of Minnesota has a nondegradation policy to prot oundwater in Minnes

PolyMet’s response to 7060.050

The available sampling
the Mine Site remains

groundwater quality will not be degraded by mining activities,

. PolyMet has committed to keep the concentrations of relevant
vels. Monitoring wells would confirm that the controls are working to their
ination of what increase of concentrations of specific parameters would
constitute a failure of the enginé : , and therefore a release of contamination into groundwater, has not
been explicitly identified by PolyMet. Therefore, to determine whether there has been a degradation of groundwater,
MPCA staff recommend use of a technical process described near the end of this report, designed to identify when a
statistically significant change in parameter concentrations has occurred when compared to initial concentrations. If a
(increasing) change is statistically significant, it would then indicate a potential failure of engineering controls, and a
failure of the effort to avoid nondegradation of groundwater.

Volume 5 — Tailings Basin & Beneficiation Plant: Section 4.0

The PolyMet discussion of nondegradation in the area downgradient of the Tailings Basin starts out in the same fashion
as the response to potential Mine site degradation, by referencing Minnesota Rules. However, the conditions at the
Tailings Basin located in the Embarrass River watershed, differ from the Mine Site in that the existing water quality
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downgradient of the Tailing Basin is degraded due to past iron mining activities at the site. From the PolyMet
application, Volume 5, page 38:

Downgradient of the LTVSMC tailings basin, groundwater does not exist in its natural condition, as a result of
seepage of pollutants from decades of ferrous mining activities at the site, including in particular ferrous
seepage from the LTVSMC tailings basin........... Where groundwater in its “natural condition” is not present to be
protected against degradation, the State's groundwater policy focuses instead on "abating [existing] pollution”
and "maximizling] the possibility of rehabilitating degraded waters."{Minnesota Rules, part 7060.0400). The
Project's design will have the effect of rehabilitating currently degraded groundwater downgradient of the
Tailings Basin in accordance with the policies set forth in Minnesota Rules, chapter 7060 (Section 4.3).

The area downgradient of the legacy iron tailings basin has elevated level >rtain parameters including chloride,

et states on page 38, that:

sulfate, other major cations and anions, fluoride and molybdenum. (7

Downgradient of the LTVSMC tailings basin, groundwater ‘ in its natural condition, as a result of
seepage of pollutants from decades of ferrous minin including in particular ferrous
seepage from the LTVSMC tailings basin. ‘

In its application PolyMet states that the engineering contro g flow of ferrous seepage to
groundwater will eventually improve the groundwater quali :
straddle the new Tailings Basin boundary, to e
states in Section 4.3 of Vol 5, page 39, that:

PolyMet will monitor the performance o
downgradient of the Tailings in (Section
the desired outcomes,
6.6 of Reference (1)), &

Given this expectation, a statistic
described near the i
pledging to keep

a level that is determ
degradation will be ide

ection 4.0

The PolyMet discussion of groundy gradation downgradient of the Hydrometallurgical Residue Facility (HRF)
is similar to the approach taken for V e 5, for the Tailings Basin. Volume 6 states:

.......... groundwater downgradient of the HRF has been discernably impacted by previous ferrous mining activities
and does not reflect natural quality.

Therefore, the Agency approach to identifying a release of contaminated groundwater that would constitute a failure of
engineering controls for the HRF and Hydrometallurgical Plant will be the same as for groundwater downgradient of the
Tailings Basin.



C. Hydrogeological Setting of the PolyMet Site

Project Area Location
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Explanation

e ";: : ; o m Potyrmet Activities

s

TN, Watershert Boursdary

S, B Laiis Rivar

R R—— e
] 5 13 28

Figure 1, Project area location

' Minnesota Pollution
Lomtrol Agency

The PolyMet site is located

(Figure 1). The site is located in ouis River Watershed.

Babbitt and north of the city of Hoyt Lakes in St. Louis County, Minnesota
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Explanation k

Supwatershed Boundaries

¥, Baior Watershed Boundary

e, 4 Lowis River & Tributaries
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Figure 2, Upper 81, Louils River
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Explanation

. Bubwatershed Boundanas
Tenverta, Major Widershed Boundary

Moo, St {endds River Tibudaries

Polyrnet Project Areas

S oo
0 aTE 15 3

e Figure 3, Polybet Project area

River. Figure 3 shows the outlines and locations of the
nd the road connection between them {9).
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L — R
t 5 i 0 0375 Q7S 1.8
Minnesota Pollution i E— . N .
Control Agency {;’ e . Figure 4, Mine Site Details

£

Explanation
e, Subwatsrshed Boundariss

Levee, Wapr Watershed Boundary
D Mot Bt Lods Fiver Trioutares
Mine Site

irier Bi N

Mine pits k

Stockpiies

Figure 4 provides a close-up of t
polygons showing the location of th

ous figure. Within the outline of the Mine Site are
al, and east) and the stockpiles.
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Explanation

Figure &, Mine Site Aerial View
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Subwstershed Boundades
Kajor Watershed Boundary
St Lowtls River Tritutanes
Hing Site

#line pits }’\
AV

Stockpiies

graph as background. This reveals the undeveloped
n mine to the north.
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Exptanation
oo, Subvaratarshed Boundaries

ajor Watershad Boundary

Srapettea,

St Lastis Biver Tribuiaries

Plant sife N
N — o5 }\{
[ - 2

Figure §, Plant Site Aerial View

Minnesots Pollution
Lol Agency

Figure 6 shows the Plant Site w round. The Plant Site is disturbed ground that served

both as a process area and tailings
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Project Area Geomorphology

Explanation N

1m Lidar DEM
Futers AMSBL A
High - B0

Lows 0 400

Subwatershad Boundaties

~~~~~~~ Wajor Watersbad Boundary

Moo, St Lontie Fiver 3 Tributaries

i) M} Polymet Project Areas

LEHES
2.5 5 10

Figure 7, LIDAR Elevation Modsi

Mirmesota Poliution
Conteol Ageney

Figure 7 shows
which stands f
(dark oranges) ar
approximately 2,00
Embarrass watersheds i
outcrops.

ong the highest reaches of their respective watersheds, and are located in
e subwatershed:s.

Both the Mining and Plant sites
close proximity to the rivers that de

10
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Explanation

. IR
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Figure 8, Watertabde Elsation o
Surlictal Aguiter

inrsnts Poilubic
et &

assumption that
further in this
in portions of th

but indicat ) hed and the surface water watershed have similar boundaries
sheds.

An important observa
sites flows away from th

tershed boundaries, across the PolyMet sites, and toward the St. Louis River tributaries.
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Project Area Surficial Geology

Explanation
Sandy foam [\
Sand & graved  F 1
Band & silt
£, ooy, sand & gravat
Clay, silt & sand

turbed minelands
sand & clay

. o Subweatershed Boundades
........

Major Watershed Boundary
s 81, Louis River Triatanes
i j} Mine Site
S BW Monitoring wells
3wy Miloo
S0 DETE QTS 15
o Figure 9, Mine Site
4 Surficial Units

HMiinresota Pollution
Contral Agency

by sand are foun
the upper waters
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Explanation
Subwatershed Boundaries
- Major Watershed Boundary
St Lows Fiver Trbuianies
S 1 Mine Site

N
Badrock fuffer 200m }\{

B ]

Figqure 10, Mine Site
Bedrock Qutcrops

Minmesots Pallition
Lontrol Agency

2

bination

drock outcrop and depth-to-bedrock map.
e bedrock outcrop and buffer patterns both delineate:

near the surface throughout the n the south boundary of the Mine Site and the Partridge River.
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Figure 11 adds all surficial mo
stockpiles (with the exception of t
to remain in place for

e stockpiles at the Mine Site. The majority of the
kpile in the northwest of the Mine Site) are temporary,
e of the mine pits before the mine closure.
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Figure 12, Plant Site X
Bedrock Qutcrops A

fyses for the area. Bedrock and shallow
hat divides the Plant site from the Tailings Basin. From
ncreases to more than 10 feet north and west of the

tailings basin, int rd the Embarrass River.
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Explanation
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Figure 13, Plant Site Surficial
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Contred Agency i

. Much of the tailings basin area has been

The Plant site surficial geology, w as Figure

extensively disturbed by past minin;
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Project Area Bedrock Geology

MAJOR BEDROCK TERRANES
Archesn
wiicanopl in terrane

- {approy. 2.8% - 26 Gad

Fiddie PFroterozoie

£ e Bluth comples
ard
‘ e TGO InENT
46 Rift System

{appros. 1.1 Ba)

o m,fg ;: thijﬁng I ™ Barly Proterozete
“-*g{@”m_ 2 f Ga) \.. Penckean Orogen
o (245 - 1.75 Ga)
% gy el
N Y
Hiddie ??‘za%;mzah‘:
Proterozoic S e
cover

Siowy Dusrizits
{176 - 1LES Ga

billion years old. (Figure 14).
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The Duluth Complex and the assoc Shore Volcanic Group are rock formations that comprise much of the
basement bedrock of the northeaste rt of Minnesota. Both formations are igneous rocks formed during the

Midcontinent Rift. The Duluth Comple:

s a composite intrusion of troctolite and gabbro derived from periodic tapping

of an evolving magma source. This rock is dense, and in the region of the PolyMet project area it has near-surface
fracturing. These fractures are not mapped, and their hydrologic properties are little understood. From personal

communication with one of the MGS report authors:

..... the nature of faults and other fractures in bedrock is poorly known. The only "ground truth" are the joint
measurements we made on outcrops, but that data set was not released with the open-file report. Even with
those data, establishing depth of penetration and interconnectedness of fractures is nearly impossible to
establish without very precise and detailed (site-specific) information. It is generally logical to infer that joint
spacing and connectedness decreases with depth ............. In the end, the only absolute way to assess continuity

17
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of fractures is to drill patterns of holes so closely spaced that the rock is turned to swiss cheese. Adding
complexity to these questions is literature that reports deeply weathered faults and fractures that were altered
to clay minerals (saprolite) can actually behave as aquitards.

Though little is known about groundwater flow through the bedrock, it is assumed to be limited by the narrow fractures
and the potential for infilling by low transmissive materials. Because of this poorly understood fracture-based porosity,
the decision was made by PolyMet to initially install wells only in the overlying surficial geologic material. (Some of the
wells identified as bedrock wells in the project report are actually screened above the bedrock/surficial material
interface.) This can be a successful strategy because bedrock flow in this area is often strongly influenced by the flow in
the overlying surficial materials. As discussed previously in this report about groundwater flow in the surficial material,
this would lead to the conclusion that the best assumption of groundwate behavior in the bedrock is that it mimics
flow directions in the surficial unit. Combined with the previous discussig out the lack of surficial material along
much of the Embarrass and Partridge watershed boundary, ground in the bedrock system is assumed to be
constrained by surface water watershed boundaries. To clarify, t ‘k is assumed in this report that

' to discharge to the watershed river.
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Figure 15, PolyMet Project Area
Bedrock Units

Figure 15 shows the bedrock units as mapped by the MGS for the entire PolyMet process area. Contacts & faults,
monitoring wells, and individual rock unit codes are included in this display (12). A full explanation of all rock unit codes
can be found in the MGS Bedrock report (12). Included in the map are contacts and faults, the hatched outlines of the
PolyMet facilities, and the locations of key monitoring wells, including those identified as bedrock wells at the Mine Site.
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Further complicating the review of iter | i ock units, according to the MGS map authorsin a
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100’ or so accuracy
some certainty usi
data at hand.

The location of the faults in this map" ot therefore be used to determine the presence of potential preferential
pathways for groundwater, because too little is known of the actual location and orientation of the faults themselves.

D. Monitoring Well Review

Compliance monitoring of groundwater is defined in Volume 1, Section 3.1, page 32 of the PolyMet NPDES/SDS permit
application (13) as:

Compliance Monitoring (groundwater): Compliance monitoring will be conducted at locations where the Project
will need to demonstrate compliance. These locations are downgradient of potential Project impacts.
Groundwater compliance monitoring stations are typically at or near the property boundaries.
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The compliance network of monitoring wells and their placement was therefore judged on their efficacy for intercepting
potential contaminated groundwater released from the PolyMet facilities. Potential gaps in the coverage will be
identified and new locations of monitoring wells proposed.

As discussed earlier, there are limited wells completed into the bedrock because any flow would be restricted to the
small and unmapped fractures. This flow, where it exists at all, is assumed to be minor. Wells constructed to monitor
possible bedrock flow are therefore screened at the top of the bedrock surface where they may be an interaction of
groundwater flow from the surficial and bedrock geology.

The effectiveness of the placement of monitoring wells in the PolyMet application can be assessed by combining
information from the previous slides on thickness, geologic make-up, and groundwater flow directions. Monitoring wells
are placed to provide early detection of contaminated groundwater leavi > of the Mine site facilities. Generally,
monitoring wells should be located between the facilities of concern a surface discharge point for the local,
surficial groundwater system. Where possible these wells should b sand-dominated surficial geologic units
because such units convey larger volumes of groundwater fast v discharge points. These are pathways
that are best suited for monitoring wells.
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Figure 17 shows a close-up of the Mine site area with property boundary monitoring wells identified as blue crosses
within circles. Other monitoring wells in the region are shown as lighter blue dots. A first observation is that while there
are monitoring wells located within a half mile of the southern boundaries of the stockpiles, the three wells lying closest
to the Partridge River south of the stockpiles are completed in clay-dominated geoclogic units, or are located upgradient
of clay-dominated units {blue oval). Groundwater flow through clay-dominated materials is much slower than sand-
dominated materials, and so wells completed along pathways dominated by clay are less likely to provide early warning
20
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of a release of contaminated groundwater. This would make reliance on such wells less desirable for use as compliance
wells. Alternately, a sand-dominated expanse (red oval) that represents a preferential groundwater flowpath to the
Partridge River is not monitored. A monitoring well to be located in this area has since been proposed by PolyMet and is
expected to be included in the NPDES/SDS permit for the Project.
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It was determined vater flows north across the former tailings basin toward the

weIIs displayed in Figure 18 should be evaluated for their ability to
reams. As with Figure 17, the three property boundary monitoring wells
¢ blue circles, while all other wells are shown as light blue dots. The LiDAR
component of surface elevation o indicate with dark shading where surface elevations are highest, to
indicate areas less likely to be a pre ial flowpath. There is one compliance well to the northwest of the Plant site.

According to the MGS geologic map, this well is located near the boundary between sand-dominated subsurface

Embarrass River and its
intersect groundwater flowir
are represented by dark blue

materials and clay-dominated geologic materials. If the well is constructed in clayey materials, the probability that it will
effectively monitor Project groundwater impacts is reduced. The large area encompassed by the red oval that lies
between Unnamed Creek and the highlands to the south is an area that could be considered for an additional
monitoring well if a review of the existing well suggests that it is not an effective downgradient monitoring point (and
assuming property ownership and access are amenable). Monitoring of the existing well and an annual assessment of its
suitability is expected to be included in the NPDES/SDS permit for the Project. The two wells north of the tailings basin
are completed in sand-dominated materials and appear to be appropriately located.
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Any new wells installed to compliment the existing well network should be constructed as well nests. A nest can be as
few as two wells in close areal proximity to each other. The deeper well’s screen base should be set against the bedrock
surface and should extend up-column 2 to 4 feet. The shallower well should be screened across the most permeable
section of the aquifer as determined from the well log. This configuration will allow a higher probability of intercepting
any contaminated groundwater flowing toward the Embarrass River and its tributaries.

E. Statistical Determination of a Groundwater Release

The PolyMet nondegradation application asserts that groundwater has a low probability of escape from the engineered
containment systems that will be employed at the PolyMet project areas. In the case of the Mine Site this includes the
temporary waste rock and ore stockpiles, the overburden storage and laydown area, the wastewater treatment system
equalization basins, the mine pits, mine water sumps, and overflow ponds language used is (14):

Each of the Mine Site features with the potential to affect g will be constructed and managed to

And

PolyMet will monitor the performance of the Mine:
downgradient of Mine Site features (Section 3.2.1 of”
requirements of Minnesota Rules, chap
outcomes, will implement adaptive m :
Reference (2)), as necessary to comply wi
section 4.4)

groundwater quality

n practicable extent

ing controls are achieving the desired
kgency mitigation (Se tions 6.5 and 6.6 of
PDES/SDS Permit App — Vol ll, Mine Site,

engineering controls
e 1) to meet the maxi

Also included is a table with predi for different elements of the Mine

Site from the same volume (1

Tabie 4-1 Estimatied Flow from Folendial Sources of Groundwaler Impacis

Category 262 Waste Rock Stockpile
{Temparary}

e Siioe Pils (Topnnranyy Daniie 4 o

Waste Water Treatment Faclity
O&PWTE) Equalization Basins

Owerburden Storaoe and Lavdows Srey

Reference 4} for & desoniph
ey it

.
e
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Nonparametric Sign Test and Signed-Rank Test

The concept of ‘solute plume’ that is used in the table above can be assumed to refer to a concentration of a parameter
or parameters related to sulfide deposits or other compounds related to the area parent rock that are found in
groundwater, and is/are greater than the recorded values in wells before the beginning of mining. But how much
greater? It is common in technical studies to answer this question with statistical tools that determine the point when a
particular dataset differs in a statistically significant fashion from another dataset. For the PolyMet wells, the datasets
would be water quality samples taken from wells before mining, and then again after the start of mining. The
recommended statistical tests for such paired results (before and after) are the sign test and the signed-rank test. (16).
The use of these tests are outlined in a hydrology handbook developed by the United States Geological Survey entitled,
“Statistical Methods in Water Resources”, by D.R. Helsel (17). Using the te ocedures, the pairs of water quality
results are compared for signs of differences, a check on the assumption ' e engineering controls are achieving
nondegradation of groundwater as predicted in the above table. These yarametric tests are more appropriate to

5 atasets. The suggested p level
ne want the probability that the

riate statistical methodologies
and that if the draft permit requires PolyMet to submit a peri rt, that it requires that

report to describe the statistical tests that were loyed.

F. Conclusions.

Groundwater flow in the surficia
St. Louis River Watershed within
presence of thin sequences of surfic
both aquifers, in bo

lled by the geomorphology of the upper
rface watersheds coincide due to the
ture of the underlying bedrock. Groundwater flow in
eds, is assumed to remain within each watershed

n this technical review of the PolyMet application. The

ry monitoring well(s) south of the Mine site, in the area shown in
ings Basin in the Embarrass River watershed that could similarly
xisting wells are found to be ineffective, as shown in Figure 18. New wells
should be placed in well ne | screened above the bedrock/surficial geology interface, and a shallower
well screened either across th

more appropriate.

A nonparametric statistical test such as the sign or the signed-rank could be employed to determine when post-mining
water quality results differ from pre-mining concentrations to a statistically significant level. These recommendations
are made to meet the requirements of the groundwater nondegradation policy as outlined in Minnesota Rule
7060.0500.
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Disclaimer: This document is g working documeat, This document moy change over Hime os g result of new informotion,
further deliberation or other factors not vet known to the agency.
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